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(54) Method and system for dynamic testing of a vehicle exhaust system 


(57) A method and system are provid ed for g enerat- 
ing engine attachment control boundary conditions and 
corresponding control signals for an exhaust system 
laboratory test fixture which accurately reproduce both 
the dynamic behaviour of a vehide powertrain during 
operation, and the dynamic behaviour of the vehicle 
frame during operation in the area where the exhaust 
system is attached to the vehicle frame. Road load data 
is collected in vertical, lateral, and longitudinal direc- 
tion* on the vehicle frame during vehicle operation at 
each of the locations where the exhaust system 
attaches. In addition, temperature and thermal cyding 
data are aiso collected during operation of the vehicle. 


The road load data is used to determine a best fit rigid 
body model. Accelarometer locations and directions are 
determined from statistical analysis and ranking to find 
the measures best fitting the determined rigid body This 
information is then used to generate the test boundary 
condition* end control signals to be input to the test fix- 
ture. Thermal profiles are generated based on the col* 
lected temperature data to form input control signals to 
control heating of the exhaust system during testing. 
The generated thermal profiles allow simulation ol real- 
world thermal stresses caused by hot exhaust gases. 
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Description 

[0001] The present invention generally relates to 
vehicle test fixtures which simulate vibrational effects of 
road conditions and, more specifically, to a method for a 
determining accurate test control input signals for such 
a fixture suitable for testing a vehicle exhaust system. 
[0002] GaneraJly, a vehicle exhaust system must 
perform several demanding and diverse iBquirements, 
i.e., attenuating engine noise while porting end reducing ic 
emission levels of engine exhaust gas to the atmos- 
phere, in addition, legislative action in combination with 
typical market driven design concerns have made the 
need for durable exhaust systems greater than ever 
before. t$ 
[0003J Thus, the need for determining exhaust sys- 
tem durability in a cost effective manner has generated 
demand for a system capable of verifying complete sys- 
tem performance prior to integration with a vehicle. Due 
to reduced product cycle time, physical testing of sys- 20 
tern level hardware and durability has been used to val- 
idate computer aided engineering (CAD) analysis. 
However, the methods of determining durability to date 
have net proven reliable. Thus, physical test fixtures are 
typically used in an attempt to simulate actual road con- zs 
ditions for measuring system durability. 
[0004] However, the problem with using physical 
test fixtures is that reliability of the test results is directly 
related to the realism with which the input control sig- 
nals/boundary conditions simulate actual road condi- 30 
tions. While the structural materials of the exhaust 
system have generally linear responses, other factors 
such as exhaust hanger isolations, are nonlinear or not 
well defined but will greatly influence the exhaust sys- 
tern dynamic loads, accelerations, and displacements, ss 
As a result a need exists for a method which can accu- 
rately define these control signals and boundary condi- 
tions for application to a test fixture. 
[0005] According to the invention there is provided 
a method for generating engine attachment control 40 
boundary conditions and corresponding actuator con- 
trol signals for an exhaust system laboratory test fixture 
comprising: collecting actual acceleration road load 
data for both a vehicle frame at each of the locations 
where the exhaust system attaches to the vehicle 45 
frame, and relative displacement or acceleration data 
for a vehicle powertrain relative to the vehicle frame; 
obtaining vehicle co-ordinates for test fixture aocelerom- 
eter locations by identifying the vehicle co-ordinates 
that define the locations and directions on the vehicle so 
frame at which the actual acceleration road load data 
was collected; performing a rigid body analysis by 
applying the actual acceleration road bad data and the 
identified vehicle co-ordinates in a statistical multiple lin- 
ear regression analysis to define a rigid body that fits ss 
the road load acceleration data at the vehid co-ordi- 
nates; verifying the f it of th defined rigid body; deter- 
mining boundary conditions on the test fixtura by 


selecting a set o* acoelerometer locations and direc- 
tions which besst fit me defined rigid body; and determin- 
ing th actuator control signals based on the 
determined boundary conditions in co^inaliicxi wm a 
first control model arranged 1o control ffarwrrorffon rel< 
etwe to a test floor. 

m&] Further ac c o n &io to the invention, there is 
pwarided a system tor generating engine attachment 
control boundary conditions and corresponding actua- 
tor control signals tor an exhaust system laboratory test 
fixture (14). wherein the test fixture ta&das a set 
aoceterametas (ig> mourned thereon a^ 
tie actuator aanftffri Agnate to test a vehiote ahaust 
syeaara mounted to the fixture, wherein mesf&rnnzamr 
prises: a data collection tdzsystem (22) arranged to 008 
feet actual acceleration road load data for both a vehicle 
frame at each of the locations where the exhaust sys- 
tem attaches to the vehicle frame, and relative displace- 
ment or acceleration data tor a vehicle powertrain 
relative to the vehicle frame: control processor (20) con- 
nected to the set of accelerometers (18) and responsive 
to the collected data to obtain vehicle co-ordinates for a 
set of locations for the test fixture accelerometers by 
identifying the vehicle co-ordinates that define the loca- 
tions and directions on the vehicle frame at which the 
actual acceleration road load data was collected, the 
control processor being further arranged to perform a 
rigid body analysis by applying the actual acceleration 
road load data and the identified vehicle co-ordinates in 
a statistical multiple linear regression analysis to define 
a rigid body that fits the road load acceleration data at 
the vehicle co-ordinates, determine boundary condi- 
tions on the test fixture by selecting a set of acceierom- 
eter* locations and directions which best fit the defined 
rigid body, and determine the actuator control signals 
based on the determined boundary conditions in combi- 
nation with a first control model arranged to control 
frame motion relative to a test floor 
[0007] The present Invention provides a method 
and system for defining engine hot exhaust thermal pro- 
fles, engine attachment control boundary conditions, 
and vehicle frame control signals for input to an exhaust 
system laboratory test fixture which will accurately 
reproduce real world dynamic load conditions on the 
tested exhaust system, 

[0008] An embodiment of the present invention pro- 
vides a method and system for generating engine 
attachment control boundary conditions and corre- 
sponding actuator control signals for an exhaust system 
laboratory test fixture in which actual acceleration road 
load data is initially collected for both a vehicle frame at 
each of the locations where the exhaust system 
attaches to the vehicle frame, and relative displacement 
or acceleration data tor a vehicle powertrain relative to 
the vehicle frame, after which a remote parameter con- 
trol processor is programmed to obtain vehicle co-ordi- 
nates for positioning of test fixture accel rometer 
locations by identifying th vehicle co-ordinates that 
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define the locations and directions on the vehicle frame 
at which the actual acceleration road load data was col- 
lected. A r\$tii body analysis is performed by applying 
the actual acceleration road load data and the identified 
vehicle co-ordinates in a statistical multiple linaar 6 
regression analysis to define a rigid body that fits the 
road load acceleration data at the vehicle co-ordinates. 
The fit of the defined rigid body can be verified. Then, 
boundary conditions on the test fixture are determined 
by selecting a set of accelerometer locations and direc- 10 
tions which beet define and fit the defied rigid body. 
Determination of the boundary conditions includes 
determining the number of degrees of freedom (DOF) 
from 1 to 6 needed to control the powertrain and chas- 
sis. The actuator control signals are determined based rs 
on the determined boundary conditions in combination 
with a first control model arranged to control frame 
motion relative to a test floor, and a second control 
model arranged to control powertrain motion relative to 
the frame and/or chassis exhaust components if the test 3 o 
fixture is to be operated in a powertrain frame attached 
mode. 

[0009J Thus, the present invention provides a 
method for defining engine attachment control bound- 
ary conditions for an exhaust system laboratory test fix- zs 
ture which will reproduce the dynamic behaviour of the 
vehicle powertrain during operation in conjunction with 
reproducing the dynamic behaviour of the vehicle frame 
during operation in the area where the exhaust system 
is attached to the vehicle frame. 30 
[001 0] The invention will now be described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a Wock diagram representation of an 9s 
exhaust system laboratory test fixture arrangement 
in accordance with the present invention; 
Figure 2 is a flowchart illustrating the overall proc- 
ess for defining engine and chassis attachment 
control boundary conditions and appropriate con- 40 
trot signals for test fixture of Figure 1 in accordance 
with a first embodiment of the present Invention; 
Rgure 3 is a flowchart Illustrating the overall proc- 
ess for defining engine and chassis attachment 
control boundary conditions and appropriate con- 4$ 
trol signals for test fixture of Figure 1 in accordance 
with a second embodiment of present invention; 
and 

Figure 4 Is a schematic representation of a rigid 
body. so 

[00111 Referring first to Figure 1, a laboratory test 
fixture arrangement 1 0 is arranged to provide simulated 
testing of the durability of a vehicle exhaust system 12. 
m one embodiment, the test fixture arrangement 55 
includes a test frame 1 4 forming a chassis portion, and 
a powertrain 28 coupled thereto. The test frame is 
formed as a tubular or rectangular frame is fabricated 


from steel and/or aluminium, and Is dwmrmms so that 
exhaust system hanger points andftsr pwartratn amay 
be supported. Atemaftrety, testtsrtur© arr&noamsnt 10 
can utilise a generic rigid body mass table formed as a 
multi-purpose, flat table that can be moved in a planar 
motion having up to 6 degrees -of-freedom motion. The 
table Is arranged to support either or both the power 
train or chassis portion of the system under test. The 
choree of uong ether a generic fabricated frame rail or 
rigid booV *nass fe*te rs tas*d eudh Sartors as system 
dynamics, exhsus* eys&atn eompafibflrty araf esse of 
use. White the remaining description rs directed prima- 
rily to the frame rail arrangement, the present jnwtiuaa 
is equally applicable to the rigid body mass table as 
though substituted therefor. 

[0012] Test fixture 1 4 is coupled to s first and sec- 
ond set of hydraulic actuators 16 and 26. The first set of 
actuators 1 6 are arranged to effect displacement about 
six degrees of freedom (6 DOF) of a point on the frame, 
while the second set of actuators are arranged to effect 
displacement of the powertrain 28 when the-test fixture 
is operated in a first "powertrain-frame attached* mode 
of operation. As discussed below, test fixture can be 
operated in an alternative "powertrain-trame detached" 
mode of operation. 

[0013] in a preferred embodiment, six actuators in 
total are used far each set For the powertrain set 26, 
three actuators effect displacement in the vertical direc- 
tion, two are for the lateral direction, and one is for the 
longitudinal direction. For the 6 DOF set 16, three actu- 
ators are tor transiational displacement, and three are 
for rotational displacement The actuators operate to 
transfer mechanical forces to frame 14 and/or power- 
train 28 so as to simulate road induced dynamic 
stresses on a vehicle frame. Exhaust system 12 and 
powertrain 28 are attached to frame u in the same 
manner as would be used for actual In-vehide installa- 
tion. 

[0014] as noted above* actuators 26 are utilised to 
simulate powertrain displacement only when the test fix- 
ture is utilised in a powertrain-frame attached mode of 
simulation. In other words, the hydraulic actuators that 
control the powertrain are coupled to or react against 
the chassis portion of the test frame in accordance with 
the control arrangement described below. In-effect, the 
relative motion of the supporting frame of the powertrain 
hydraulic actuators move as a rigid body relative to the 
chassis frame, while the motion of the powertrain Is 
independent relative to the motion of the chassis frame 
and is controlled solely by the input drive control signal. 
[0015] In contrast, in the powertrain-frame 
detached mode of operation, the powertrain is 

effectively "decoupled" from the chassis portion of 
the test fixture. Thus, input dynamics, i.e., inertial 
reaction forces, produced by the powertrain will not 
react with the chassis frame. This obviates produc- 
tion of undesirable modal responses in the opera- 
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tional corrtrol range of the chassis frama. This mode 
of operation is appropriate when a vehicle does not 
completely behave as a rigid body, 

[0016] Each actuator 1 6 and 26 includes an accel- $ 
erometer 18, or other suitable mechanism for causing 
displacement and is arranged to receive control and 
boundary signals from a roaj time simulation ccrtrri 
processor 20. Tne control and boundary senate drore 
the respective accelerometers to import the <fesvred 10 
forces onto test fixture 14. The drive-fiJe or command 
signals to the actuators can be in the form of time 
phased matched accelerations or displacements \ n a 
predetermined direction to create "modes" of input far 
vertical, lateral, and longitudinal directions, as well as 75 
transiationai and rotations] directions of pitch, roll, and 
yaw. 

[0017] System 10 further includes a device 30 for 
applying heat to the exhaust system 12. Heating device 
30 would be arranged to be responsive to control sfg- so 
nais so as to dynamically emulate the thermal stresses 
produced when hot exhaust gas passes through the 
exhaust system. 

[0018J Control system 20 is arranged in accordance 
with the present Invention to define engine attachment 25 
control boundary conditions and control signals tor con- 
trolling the respective accel erometers and actuators ot 
the test fixture to reproduce both the dynamic behaviour 
of a vehicle's powertmin during operation, and the 
dynamic behaviour of the vehicle frame during opera- 30 
tlon in an area where the exhaust system is attached to 
the vehicle frame. 

[0019J In accordance with another aspect of the 
present invention, hot exhaust thermal profiles are 
determined as part of the control prooeas to generate 95 
heating control signals which emulate the real world 
dynamic thermal stresses caused by hot exhaust gases 
flowing through the exhaust system. Both of these 
aspects are described more fully below. 
[0020] Control processor 20 includes suitable pro- 40 
gramming to produce the desired responses and drive 
files to derive these thermal profiles, and boundary and 
control signals based on actual road data collected by a 
suitable data collection subsystem 22. The derived ther- 
mal profiles, and boundary and control signals are 45 
stored in a suitable memory arrangement 24. 
[0021] The overall process for defining the engine 
attachment control boundary conditions, hot exhaust 
thermal profiles, and appropriate control signals in 
accordance with the present invention will now be $0 
described in context with the flowchart shown in Figure 
2. More specifically, as denoted at block 100, appropri- 
ate acceleration road load data is generated in accord- 
ance with a first embodiment by collecting during 
vehicle operation acceleration road load date in the ver- 59 
tical, lateral, and longitudinal directions along a vehicle 
frame rail, including at each of the locations where the 
exhaust system attaches to the vehicle frame, in a pre- 


ferred embodiment appinoromatety 80 channels of data 
are collected. In addition, relative displacement or 
acceleration data is s/multaneously collected for the 
powertrain that will define its six degrees of freedom (6- 
DOF) rigid body motion with respect to the local vehicle 
frame. This data is representative of the mechanical 
forces «Poouf3bared by the exhaust system during use of 
Oiovefcicta, 

in furtha accordance with the present inven- 
ted xeati&to&ltete&ty&pflocess can fee increased 1fy 
fcuther simulating the ihermtf] ffiresees $aoed or the 
exhaust system as a resuft of hot achats! gas passing 
through the system. Thus, m addition to oouectsing 
mechanical road load data, data is also collected at 
block 100 which is representative of temperatures and 
thermal cycling produced throughout the exhaust sys- 
tem during operation of the vehicle. 
[0023] In an alternative embodiment, data can be 
collected for the powertrain that will define absolute 6- 
DOF rigid body motion, such as point acceleration data. 
[0024] Then, at block 102 the vehicle co-ordinates 
of the accelerometer locations are obtained by referenc- 
ing vehicle frame drawings and/or an actual vehicle to 
identify the vehicle co-ordinates that define the loca- 
tions of the accel erometers used to collect the acceler- 
ation road load data of block 100. 
[0025] At block 104, rigid body analysis is per- 
formed by applying the acceleration data and co-ordi- 
nates that define the locations of each of the 
acceierometers on the vehicle frame in a statistical mul- 
tiple linear regression analysis to define a rigid body that 
fits the road load acceleration data at the identified co- 
ordinates. The fit of the defined rigid body is then veri- 
fied for accuracy as denoted at block 100. This process 
is described in more detail below in connection with Fig- 
ure 4. 

[0026] As denoted by blocks 1 08-1 1 4, the results of 
the rigid body analysis are then used to derive or select 
the appropriate control channels for the boundary con- 
ditions on the test fixture. More specifically, in a pre- 
ferred embodiment a statistical measure of fit is used to 
select acceleration data at block 106 to define the loca- 
tions and directions that best fit the defined rigid body. 
One example of a suitable statistical measure for fit is 
the correction coefficient of multiple determination 
(R^which is defined as: 


R = SSq + 33, 


where: 


SS is the Sum of squares; 
R are residuals; and 
Tare the total. 

[0027] These selections are then ranked in order of 
significance at block 110. The top six locations and 
directions are selected in the pref rred mbodiment f 
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the present invention. 

[0028] In addition to finding and ranking host lit of 
acceleration data, this proceed will a/so provide an Indi- 
cation as to which if any of the acceJerometers did not 
function properly as denoted at block 1 12, The detec- s 
tion of non-functioning or non-optimal accelerometers 
can be used to activate a flag at block 114 indicating 
that the road load data should be recollected with accel- 
erometers that function properly. 
I0029J ft is noted that the top six locations and w 
directions from the ranking process of block 110 may 
not uniquely define the six degrees of freedom of the 
rigid body as they may not form a linearly independent 
set of data. Thus, appropriate mathematical tools 
Known to one of ordinary skill in the art can be applied is 
to ensure that the six selections are independent. In 
addition, the selection process determines the number 
of degrees of freedom (DOF) from 1 to 6 needed to con- 
trol the powertrain, and indicates the type of test fixture 
to be used and whether the attached or detached mode so 
of operation is selected. This aspect of the present 
invention is denoted at block 11$ which provides tor 
determination of the type of test fixture, and block 1 1 8 
which provides far determination of the mode of opera- 
tion. La., powertrain-frame attached or powertrain- 2s 
frame detached. 

KKBO] At block 120 the ideal accelerations associ- 
ated with the defined rigid body motion tor the best fit 
locations and directions are then determined. These 
ideal accelerations are stored as control channel accel- w 
eration flies. 

[0031] At block 122, the temperature and thermal 
cycling data is then used to generate a set of thermal 
profiles. The generated thermal profSes will be applied 
as control signals to the heat source 30 during testing of os 
the system 12, 

[0032] At blocks 124 and 126, the test fixture is 
positioned in the vehicle co-ordinate system and the 
exhaust system attached to the test fixture frame in the 
same manner as an actual vehicle frame. The test fix- *c 
ture frame may be either a generic frame rail fabricated 
based on vehicle dimensions, or a generic rigid body 
mass table. The frame is arranged to define and support 
the appropriate powertrain attachment points tor the 
exhaust system in the vehicle co-ordinate system with a 46 
connection system that simulates the exhaust/manifold 
attachment used in an actual vehicle. With the position 
of the test fixture defined in the vehicle co-ordinate sys- 
tem, the co-ordinates of the control accelerometers are 
then mapped onto the test fixture frame or rigid body fix- so 
ture at block 128. 

[0033] As denoted at block 1 30. two independent 6- 
DOF test control models are used to develop the test 
inputs from the boundary eoncfitions derived from both 
the control acceleration files (as determined in block ss 
116) and the locations of the accelerometers. One 
model will control frame motion relative to the test floor, 
and the other model will control powertrain motion rela- 


tive to the tram* if triepowertrain -frarne attached mode 
of operation was selected. 

P034J For road data collected as fn tr^fira-embod- 
imertt of block 100, both models and tenth tmts of oound- 
ary condition data may be used eiraf?a/?eou$!y to 
develop the test inputs. For road data collected as in the 
alternative embodiment of block 100, higher efficiency 
is attained by first developing the frame control signals 
without applied powertrain motion. When ccwptete, the 
control processor determines the powertrairti boundary 
condition error which exists whan the frame system h 
driven, which is then used 5o cSewetop the correct simu- 
lated powertraJn test motion. Due to the extreme 
dynamic nature of some events, however, it may be 
safer for the test specimen to alternate frame and pow- 
ertrain iterations or even simultaneously develop the 
two sets of inputs. However, reducing powertrain 
boundary condition error using absolute motion will be 
very slow in this mode, because initial absolute error 
calculations will be equally dominated by frame motion 
error and relative powertrain motion error, and cannot 
be correctly interpreted by the powertrain control model, 
[0035] An alternative embodiment for blocks 108- 
1 14 is shown in Figure 3, where (ike blocks of operation 
have been denoted with like reference numerals. In the 
embodiment of Figure 3, acceleration data is selected at 
Wock200 todef ine the locations and directions that best 
fit the defined rigid body by forming a "Fisher Informa- 
tion Matrix" representing the system based on the loca- 
tions and directions of the measurements. Then, at 
block 202, matrix algebra is used to sort the rows of the 
matrix based on their respective contribution to the rank 
of the matrix in accordance with this ernbodiment erf th e 
present invention, the acceleration data corresponding 
to higher rows in the matrix are preferred over lower 
rows. Thereafter, as denoted at block 204 a minimum of 
the six most significant channels are determined from 
this process and used as the control channels for the 
test fixture boundary conditions. 
£00361 A more detailed explanation will now be 
made with respect to the rigid body modelling of the 
present invention in conjunction with Figure 4, More 
specifically, a rigid body in space has six degrees of 
freedom. If more than six independent measurements 
are made on the body; an estimate can be made of the 
six degrees of freedom of the rigid body model. The 
estimated values of the degrees of freedom are then 
used to predict the measured values. The difference 
between the actual measurement and the predicted 
measurement then provides a measure of the validity of 
the defined rigid body model, 
[0037] Figure 4 shows a schematic of a rigid body, 
A convenient point 0 on the body is chosen as a refer- 
ence point The six degrees of freedom for the body are 
taken to be the three translations and three rotations of 
this point. The linear acceleration of point P, fixed on the 
body, can then be written as: 
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10 


a p e b 9 + a^ » a 0 + a> Xd ♦ a X(c& Xd) 

wher w is the angular velocity of the rigid body and d is 
the vector from point 0 to point P. The *X* denotes a vec- 
tor cross product operation, if the third term in the above 
expression is ignored, the three components of linear 
acceleration at P become; 


2 p sZ 0 + ^YJ('Cl X-V 


(1) 

(2) 
(3) 


10038] The neglected terms correspond to centripe- 
tal acceleration, and are small compared to total linear 
acceleration (of the order of 1/1000) for typical test con- 
ditions. 

[0039] Each measurement can now be written 
using one of the equations (1)-(3). Each of these aqua- 
tions is linear with respect to the degrees of freedom, 
Xr> Yq, Zo, © 2 . All these equations can be coi- 
I acted together and be written as: 

tt» WW 

where (r) is an n x 1 vector of acceleration measure- 
ments, [A] Is a n x 6 matrix of coefficients, and {qj is a 6 
x 1 vector of the rigid body degrees of freedom, (Xo, Y 0 , 
<** «v *J r - 

[0040] If there are six independent measurements 
(i.e., n=6), matrix [A] will be a non^ingular square 
matrix for which {q} can be solved- if the body is not very 
rigid, {q) will still exist but may not contain any physical 
meaning. 

[0041] If there are more than six independent 
measurements (i.e.. n > 6). an over-determined linear 
system will exist. This can be solved in a least square 
sense as: 


w-iwW'Ww. 


[0043] Now, if the body is truly rigid, {f] will be Iden- 
tical to {r} , The closeness between {r} and {r} Is a meas- 
ure of the validity of the rigid body assumption. This 
measure may be the R 2 value of the linear regression, 
defined below. 


and 


SST^ZOVO* 


SSE=S(r r r,)', 


R *(SST.$$E)/SST 
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[0042] This Is also the formulation for a linear 
regression problem, if the body is assumed to be rigid, 
the measurements can be expected to be: <s 

M-WW- 


50 


S3 


wher 


where r* is the mean of r v When R 2 is 1 , a perfect fH 
exists and hence a perfectly rigid body. 
[0044] Thus, the present invention provides a 
method and system capable of qmwz&nq accurate 
engine attachment control boundary co n t Stfft rc» and cor- 
responding control signals for an exhaust system labo- 
ratory test fixture which accurately reproduce both the 
dynamic behaviour of a vehicle powertrain during oper- 
ation, and the dynamic behaviour of the vehicle frame 
during operation In the area where the exhaust system 
is attached to the vehicle frame. 

Claims 

1 . A method for generating engine attachment control 
boundary conditions and corresponding actuator 
control signals for an exhaust system laboratory 
test fixture corrprising: 

collecting actual acceleration road load data for 
both a vehicle frame at each of the locations 
where the exhaust system attaches to the vehi- 
cle frame, and relative displacement or acceler 
ation data for a vehicle powertrain relative to 
the vehicle frame; 

obtaining vehicle co-ordinates for test fixture 
accelerometer locations by identifying the vehi- 
cle co-ordinates that define the locations and 
directions on the vehicle frame at which the 
actual acceleration road load data was col- 
lected; 

performing a rigid body analysis by applying 
the actual acceleration road load data and the 
identified vehicle co-ordinates in a statistical 
multiple linear regression analysis to define a 
rigid body that fits the road load acceleration 
data at the vehicle co-ordinates; 
verifying the fit of the defined rigid body; 
determining boundary conditions on the test 
fixture by selecting a set of accelerometer loca- 
tions and directions which best fit the defined 
rigid body; and 

determining the actuator control signals based 
on the determined boundary conditions in com- 
bination with a first control model arranged to 
control frame motion relative to a test floor. 

2. A method as claimed in claim 1 , wherein determin- 
ing boundary conditions comprises selecting road 
toad data using a statistical measure of fit to define 
th locati ns and directions that best fit th defined 
rigid body. 
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3. A method as claimed In claim 1 , wherein collecting 
road load data comprises collecting acceleration 
road toad data in the vertical, lateral, and longitudi- 
nal directions on a vehicle frame during vehicle 
operation at each of the locations where the 5 
exhaust system attaches to the vehicle frame. 

4. A method as claimed in claim 3, wherein collecting 
road toad data further comprises collecting relative 
displacement or acceleration data tor the power- io 
train to define a six degrees of freedom rigid body 
motion with respect to the local vehicle frame. 

A method as claimed in claim 4, wherein determin- 
ing the actuator control signals comprises shnuha- is 
neousiy using the first and second control models 
with the determined boundary conditions. 

A method as claimed in claim 3, wherein collecting 
road load data further comprises collecting point zo 
acceleration data for the powertrain to define an 
absolute six degrees of freedom rigid body motion. 


5. 


7. 


A method as claimed in dalm 6, wherein determin- 
ing the actuator control signals comprises by first 
developing the frame control signals without 
applied powertrain motion, and then determining a 
powertrain boundary condition error which exists 
when the frame system is driven to determine a cor- 
rect simulated powertrain test motion. 

A system for generating engine attachment control 
boundary conditions and corresponding actuator 
control signals tor an exhaust system laboratory 
test fixture (14), wherein the test fixture includes a 
set of acceierometers (18) mounted thereon and 
controlled by the actuator control signals to test a 
vehicle exhaust system mounted to the fixture, 
wherein the system comprises: 

a data collection subsystem (22) arranged to 
collect actual acceleration road load data for 
both a vehicle frame at each of the locations 
where the exhaust system attaches to the vehi- 
cle frame, and relative displacement or acceler- 
ation data for a vehicle powertrain relative to 
the vehicle frame; 

control processor (20) connected to the set of 
acceierometers (18) and responsive to the col- 
lected data to obtain vehicle coordinates for a 
set of locations for the test fixture acceierome- 
ters by identifying the vehicle oo^ordlnates that 
define the locations and directions on the vehi- 
cle frame at which the actual acceleration road 
load data was collected, the control processor 
being further arranged to perform a rigid body 
analysis by applying the actual accelerati n 
road load data and the identified vehicle co- 


2S 


to 


$5 


40 


ordinates in a statistical multiple linear regres- 
sion analysis to define e rigid body that fits the 
road load acceleration data at the vehicle co- 
ordinates, determine boundary conditions on 
the test fixture by selecting a set of acceierom- 
eter locations and directions which best fit the 
defined rigid body, and determine the actuator 
control signals based on the detannfned 
boundary conditions in combination with a test 
control model arranged to control frame motion 
relative to a test floor. 

A system as claimed in claim 8, wherein three actu- 
ators are arranged in a vertical direction, two actua- 
tors are arranged in a lateral direction, and one 
actuator is arranged in a longitudinal direction. 

1 0. A system as claimed in claim 8, wherein the system 
further comprises a heat generating device con- 
nected to an exhaust system mounted on the fix- 
ture, wherein the data collection subsystem is 
further arranged to colled data representative of 
actual exhaust system temperature and thermal 
cycling produced during operation of a vehicle, and 
the control processor is further arranged to gener- 
ate at least one thermal profile to control the heat 
generating device to heat the exhaust system 
attached to the test fixture based on the generated 
thermal profile. 

1 1 . A system as claimed in claim 8, wherein the oontrol 
processor is further arranged to determine based 
on the rigid body analysis whether to operate the 
testfixture so as to simulate the effect of the vehicle 
powertrain being attached to the vehicle frame, and 
determine the actuator control signals based on the 
determined boundary conditions in combination 
with a second control model arranged to control 
powertrain motion relative to the frame. 

1 2. A system as claimed in claim 8, wherein the test fix- 
ture comprises a fabricated frame rail test fixture, or 
a rigid body mass table test fixture. 
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